Energy Fuels Resources (USA) Inc.
225 Union Blvd. Suite 800
Lakewood, CO, US, 80228

303 974 2140
www.energyfuels.com

July 2, 2015

Mr. Shelly Rosenblum

U.S. Environmental Protection Agency
Radiation and Indoor Environments Team
75 Hawthorne Street / AIR-6

San Francisco, CA 94105-3901

Re: Application for Construction Approval of the Canyon Underground Uranium Mine,
Coconino County, Arizona

Dear Mr. Rosenblumy

Enclosed are two copies of Energy Fuels Resources (USA) Inc.’s (“EFRI’s”) application for approval of
construction of a new source or modification of an existing source under 40 CFR 61.07 for the Canyon
Mine (the “Mine”). EFRI plans to restart development at the Mine in August or September of 2015,
Prior to the start of ore production, EFRI will have completed the required ventilation shaft and installed a
radon monitoring system.

The provisions of 40 CFR Part 61 Subpart B are not applicable to active underground uranium mines that
will not exceed total ore production of 100,000 tons of ore during the life of the mine. The identified
resource at the Mine contains 82,800 tons of uranium ore. EFRI is voluntarily filing this application even
though the identified resource at the Mine contains less than 100,000 tons of uranium ore. Energy Fuels
has found in the past that the quantity of ore may increase during mine development and mining, and that
there is a possibility that the mine could ultimately produce in excess of 100,000 tons of ore. To be
conservative, in order to avoid the possible need to submit an application for approval under 40 CFR
61.07 at a later date, EFRI is voluntarily submitting this application at this time. We understand that you
already have a copy of the June 27, 2012 NI 43-101 Report, prepared by Roscoe Postle Associates Inc.,
which is referenced in the application. If you need an additional copy, please let me know.

Please contact me at 303-389-4130 should you have any questions or need additional information.

Sincerely,

g o Y et
: o
; %WM

B & CFUELS RESOURCES (USA) INC.
Daid C. Frytfenlund
Senior Vice President, General Counsel

Fnclosures
ce: 1. Schuppert (Kaibab National Forest)

E. Massey, T. Baggiore (ADEQ Air Quality Division)
H. Roberts, D. Turk, D. Pillmore, S. Bakken, J. Massey (Energy Fuels)
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1.0 INTRODUCTION

This is an application for approval of construction or modification of a new source under 40 CFR 61.07 at
the Canyon mine (the “Canyon Mine™ or “mine”} located in Coconino County Arizona. The Canyon
Mine is designed to exiract uranium ore from a breccia pipe deposit using underground mining methods,
The mine is designed in a similar manner to the Pinennt mine (the “Pinenut Mine™) and Arizona 1 mine
{the “Arizona 1 Mine”) that received construction approvals from the U.S. Environmental Protection
Agency ("EPA™) in April 2011 and July 2013, respectively. The Canyon Mine, when developed, will
have a production shaft that will be used as the ventilation intake and a ventilation shaft with fans that
will be used as the ventilation exhaust. Energy Fuels Resources (USA) Tnc. ( “Energy Fuels”, “EFR” or
the “Company”) is voluntarily filing this application even though the identified resource at the Canyon
Mine contains less than 100,000 tons of uranium ore. The provisions of 40 CFR Part 6] Subpart B are
not applicable to active underground uranium mines that will not exceed total ore production of 100,000
tons of ore during the life of the mine. However, Energy Fuels has found in the past that the quantity of
ore may increase during mine development and mining, and that there is a possibility that the mine could
ultimately produce in excess of 100,000 tons of ore. To be conservative, in order to avoid the possible
need to submit an application for approval under 40 CFR 61.07 at a later date, the Company is voluntarily
subimitting this application at this time.

The Canyon Mine, which is located on public land managed hy the United States Forest Service
(“USES”), was permitted with the USES and State of Arizona in 1986, The former operator, Energy
Fuels Nuclear, Inc. (“"EFN"), started construction of the mine in late 1986 but put it on standby in 1992
due to depressed uranium prices. At that time, the surface facilities were completed and the shaft had
been constructed 1o a depth of approximately 50 feet. All surface facilities required 10 run the mine at that
time were constructed, including the evaporation pond and power lines to the site. The Canyon Mine site
remained on standby until the fall of 2012 when Energy Fuels resumed refurbishment of certain of the
surface factlities. Shaft sinking resumed in April 2013 and continned until October 2013 when the mine
was again placed on standby. As a result of the work performed in 2013, the shaft was sunk an additional
230 feet to a depth of approximately 280 feet. The shaft is currently approximately 620 feet above and
150 feet to the northeast side of the ore body (see Figure 6). Therefore, as discussed below, no radon of
any significance has been encountered in the shaft sinking,

Currently, EFR expects the Pinenut Mine to be mined out by the end of August 2015. The crew workin g
at the Pinenut Mine is scheduled to be transferred 1o the Canyon Mine to re-commence shaft sinking as
soon as the Pinenut Mine is mined out.

inder the current schedule, access to the ore deposit and ore production will not occur until late 2016,
Accordingly, no radon emissions of any significance are expected to be exhausted from the mine's
ventilation system until the fourth quarter of 2016,

2.0 BACKGROUND

The USFS approved the Canyon Mine project with an Environmental Impact Statement (“EIS”) and
Record of Decision in 1986, As discussed above, construction of the mine’s surface facilities commenced
in the fall of 1986, but the project was put on standby in 1992 with only 50 feet of the shaft completed.
The mine and its permits were acquired by International Urantum (USA) Corporation (“TUC™) and its
affiliates in 1997, 1UC Jater changed its name to Denison Mines (USA) Corp. (“Denison”) in 2007 and to
Energy Fuels in 2012. Energy Fuels and its affiliates are not associated with EFN,
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As uranium prices increased in 2007, the Company, then named Denison, began the process of acquiring
the Arizona State permits needed to resume mining operations at the Canyon Mine, including air and
aquifer protection permiis. The required state permits were obtained during the 2009 to 2011 time period.
In July 2009, the Secretary of the Interior made a proposal to withdraw approximately one million acres
of federal locatable minerals in northern Arizona from the location of new mining claims under the
Mining Law of 1872, subject to valid existing rights. This proposed withdrawal area included the Canyon
Mine,

Secretary Salazar announced the withdrawal of 1,006,545 acres of land from location and entry under the
mining laws on January 9, 2012, However, the withdrawal did not prohibit previously approved uranium
mining or new projects that could be approved on claims and sites with valid existing rights. Although
not required, because the Canyon Mine had already been approved under a previously approved Plan of
Operations, a mineral examination of the Canyon Mine claims was subsequently completed by the USFS
on April 17, 2012 (USES 2012a), which confirmed the economic feasibility of the mineral deposit. The
mineral examination independently concluded that there were 84,207 tons of uranium ore reserves in the
deposit at a grade of 0.97% U305, These numbers are almost identical to the estimate of 82,800 tons of
nferred mineral resources at a grade of 0.98% U,Oq that was identified in the NT 43-101 Report prepared
by Roscoe Postle Associates Inc. (“RPA™) on June 27, 2012 (RPA 2012). The latter estimate is Energy
Fuels’ best estimate for the Canyon Mine ore deposit.

In a report dated June 25, 2012, the USFS concluded that no federal action was required for the Company
to resume operations at the mine. Specifically, the USFS concluded that “no modification or amendment
to the existing Plan of Operations is necessary; that no correction, supplementation, or revision to the
environmental document is required; and that operations at the Canyon Mine may continue as a result of
no further federal anthorization being required.” (USFS 2012b).

Energy Fuels resumed surface development in October 2012 with reforbishment of the lined
impoundment to store mine water and rehabilitation of the existing buildings, headframe and hoist.
Sinking of the mine shaft restarted in April 2013 but was discontinued in October 2013 when the mine
was again placed on standby. As a result of the work performed in 2013, the shaft was sunk an additional
230 feet o a depth of approximately 280 feet. The shaft was ventilated during construction using a
temporary fan and ventilation tubing. However, as the shaft is currently approximately 620 feet above
and 150 to the northeast side of the ore body (see Figure 6), no radon of any significance was encountered
during the shaft sinking.’

Shaft sinking at the Canyon Mine is now scheduled to resume in August or September 2015, when the
Pinenut Mine is expected to be mined out. It is anticipated that it will require 15 months to sink the shaft
and develop drifts from the shaft to the ore deposit. The shaft will be ventilated during construction using
a temporary fan and ventilation tubing. However, the ore deposit is not expected to be accessed until late
2016, and the permanent ventilation system is not scheduled to be installed untidl mid-year 2016,
Accordingly, no radon emissions of any significance are expected to be exhausted from the mine’s
ventilation system until the fourth quarter of 2016, As before, the Company will install track-etch
canisters at the top of the shaft and at the inlet of the temporary fan and ventilation tubing during shaft
sinking operations to confirm that no radon of any significance will be released to the atmosphere prior to
completion of shaft sinking and installation of the permanent ventilation system. See Section 5.4.1
below.

! In an abundance of caution, wack-etch canisters were placed at the top of the shaft and at the injet of the teraporary fan and ventilation tubing
that was used during shaft sinking operations, which confirmed that virtually no radon had been seleased 1o the atmusphere doring shaft sinking
operations. See Section 5.4.1 below.
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3.0 NAME AND ADDRESS OF OWNER/OPERATOR

The owner of the unpatented mining claims at the Canyon Mine, which are locaied on public land
managed by the USFS, is:

EFR Arizona Strip LLC
225 Union Blvd., Suite 600
Lakewood, Colorado 80228

This Application is being submitied by the operator:

Energy Fuels Resources (USA) Inc.
225 Union Blvd., Suite 600
Lakewood, Colorado 80228

4.0 LOCATION OF THE S50URCE

The Canyon Mine is located in the west half of Section 20, Township 29 North, Range 3 Hast, Gila and
Salt River Meridian, Coconino County, Arizona. As shown on Figure 1, the mine is located about 40
miles north of Williams, Arizona. It can be accessed by USFS Road 305 off of State Highway 64. The
closest community is Tusayan, Arizona, which is located approximately six miles northwest of the mine.

The location of the mine’s surface features, including the proposed production and ventilation shafts, are
shown on Figure 2. The mine surface area encompasses approximately 17 acres.

The location of the Canyon Mine in relation to nearby communities and other emissions sources is shown
on Figure 3. The other potential emission sources are Energy Puels’ existing and future mines including
the:

Pinenut Mine {carrently completing production);

Kanab North Mine (in closure, the shaft has been backfilled);

EZ 1 EZ 2, DBl and What properties (identified resources that may be mined in the future);
Wate (identified resources that may be mined in the future); and

Arizona 1 Mine {on standby).

8 & & B8 &

Huergy Fuels is not aware of any other nearby sources or potential sources that have not vet been
constructed or modified, but that have received approval to construct or modify or that were exempt from
obtaining approval.

The mipe is located at 6,500 feet above sea level, and the topography in the vicinity of the site is
relatively flat and dissected by numerous ephemeral streams that drain generally to the south. The area is
mostly wooded with Ponderosa Pine, Pinyon Pine, Scrub Oak, and Juniper; however the mine is located
in a natural clearing consisting of native grassland. The latitude/longitude coordinates of the mine site are
35°837007N, 112°05748"W.,

The locations of the nearest unrestricted arcas where individuals may reside or abide (l.e., possible
receptors) are shown on Figure 5. Figure 5 was prepared conservatively i that all observed manmade
siructures were identified as possible receptors even though there may not be any occupied residences
associated with those structures.  In fact, the closest receptor that was used for modeling purposes
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{Possible Receptor 11) consists of an unoccupied residence and a deserted airplane hangar. Photographs
of both structures are provided in Attachment B.

5.0 IDENTIFICATION OF RADIONUCLIDES AND ESTIMATION OF
RADIONUCLIDE EMISSIONS

51 Number and Location of Emission Points

During development of the shaft, fresh air will be supplied to the miners via ventilation tubing and a
temporary fan. The air will be exhausted up the production shaft. As shown on Figure 6, the shaft will be
offset from the breccia pipe and sunk through the Moenkopi Formation, the Kaibab Limestone, the
Toroweap Formation, Coconino Sandstone, and the Hermit Shale. As the shaft will be sunk in formations
that do not contain uranium or other radivactive elements, no radon emissions of any significance are
expected during shaft sinking operations. However, to be conservative, Energy Fuels intends to install
track-etch canisters during shaft sinking operations to monitor for any potential radon emissions (see
Section 5.4.1). Once the shaft is completed, drifts (Le. tunnels) will be driven at multiple working levels
from the shaft to the ore deposit, and a ventilation shaft will be completed closer to the ore deposit,

As shown on Figure 7, the vent shaft will have two vent outlets set up in a Y-configuration where the vent
shaft meets the surface. Permanent fans will be installed in each of the vent outlets. These fans will
typically draw fresh air into the mine through the production shaft and exhanst the air at the ventilation
shaft after the air is circulated to the mine’s working faces, although these flows could be reversed in
certain circumstances. Depending on the mine’s ventilation needs, one or both of the fans will be in
operation when the mine is operating. When the mine is pot operating (e.g., weekends and holidays), the
vent shaft fans will typically be shut down and the production shaft air doors closed.

5.2 Hadionuclides Released From the Mine Vent

Radon-222 will be emiited from the vent shaft at the Canyon Mine, and possibly from the production
shaft. Radon is a chemical element that is a radioactive, colorless, odorless, tasteless noble gas, occurring
naturally as the decay product of radium, which in turn is a decay product from the uranium in the mine.
Radon-222 has a half-life of 3.8 days.

Since fittle Thorium-232 is contained in the ore from the mine, the effluent stream is not expected to
contain significant quantities of radon-220 (thoron), which is a decay product of Thorium-232.

5.3 Projected Annual Quantity of Radon Emissions

53.1 Method to be Used 1o Estimate Radon-222 Emissions

Site-specific emissions data are not available for the Canyon Mine. However, there are two comparable
mines with approved monitoring programs that can be used as reference points on which to base radon
emission estimates for the Canyon Mine. The Company’s Arizona 1 Mine and Pinenut Mine are nearby
breccia pipe uraniom mines that are very similar to the Canyon Mine. Mining commenced at the Arizona
1 Mine in November 2009 and was placed on standby in April 2014, Mining re-commenced at the
Pinenut Mine in mid-year 2013 and is expected to be completed by the end of August 2015. Radon-222
emissions have been monitored at both of those mines, using approved methods.
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In addition, where site specific data is not available and there are no comparable mines with approved
monitoring programs, EPA has advised the Company’ that radon emissions can be estimated based on the
methods described in the EPA Guidance document entitled Background Information Document, Standard
for Radon-222 Emissions from Underground Uranium Mines, April 10, 1985 (EPA 5320/1-85-010) (the
“1985 Guidance™). The 1985 Guidance describes an emission factor which relates tons of ore mined to
annual radon emissions. That erssion factor can be used to calenlate potential radon-222 emissions
from the Mine, which can then be used as the source term for the COMPLY-R modeling.

Both of these methods ~ using data from the comparable Arizopa 1 Mine and Pipenut Mine, and
estimating radon emissions based on the methods described in the 1985 Guidance — will be used to
estimate radon-222 emissions from the Canyon Mine, as described below,

5.3.2 Using Emissions Data from the Arizona 1 and Pinenut Mines fo Estimate
Radon 222 Emissions from the Mine

A total of 111,830 tons of ore, with an average grade of 0.613% U303 was mined from the Arizona 1
Mine from commencement of mining in November 2009 to April 2014, Total radon-222 emissions for
the vears 2012, 2013 and 2014 were measured based on EPA Method A-6 (scintillation cells) at 334, 456
and 910 curies per year (“Cifyr™), respectively. Although mining at the Arizona | Mine has not occurred
since April 2014, the mine continued to be ventilated and wonitored through the end of 2014
Conservatively taking the highest annual measurement of 910 curies for 2014, and adjusting for the
difference in ore grade between the Arizona 1 Mine and the Canyon Mine of 0.98/0.613 {or 1.60), the
estimated maximum annual emissions from the Canyon Mine would be 1,455 Ci/yr, based on the
measured emissions from the Arizona 1 Mine.

A total of 76,174 tons of ore, with an average grade of 0.71% was mined from the Pinenut Mine from
commencement of mining in March 1988 to December 31, 2014. Total radon-222 emissions for the years
2013 and 2014 were measured based on EPA Method A-6 (scintillation cells) at 272, and 894 Cu/yr.
Conservatively taking the higher annual measurement of 894 Cifyr for 2014, and adjusting for the
difference in ore grade between the Pinenut Mine and the Canyon Mine of 0.98/0.71 {or 1.38), the
gstimated maxamum annual emissions from the Canyon Mine would be 1,234 Ci/yr, based on the
measured emissions from the Pinenut Mine.

Based on the actual measured emissions data from the Arizona 1 Mine and Pinenut Mine, adjusting for
differences in the average grades of the ore, the estimated radon-222 emissions from the Canyon Mine
would therefore be 1,234 1o 1,455 Cifyr.

5.3.3 Application of 1985 Guidance to Estimate Radon-222 Emissions from the Mine

The 1985 Guidance provides a mechanism for estimating future radon-222 emissions from underground
uraniom mines, based on radon-222 emissions data from 27 underground uranium mines that were
sampled in 1978-1979. The Company has developed a Canyon Mine-specific estimate of future radon-
222 emissions, based on the emission factor in the 1985 Guidance.

The 1985 Guidance observes that, based on the study of those 27 mines, cumulative historic ore
production at each mine is the most important factor that is directly correlated to radon-222 emissions:

? See the letter from EPA to Denison dated September 22, 2010 in connection with Denison’s 40 CFR 61.07
application for the Arizona 1 Mine.
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“Measurement programs at underground mines (Ja79 and Ja80) indicate that the amount
of radon-222 exhausted with ventilation air is more directly related to the total surface
area of underground workings being ventilated than 1o daily production rates. The total
underground surface area is generally proportional to the total cumulative amount of ore
extracted during the lifetime of the mine. This is logical because the wranium content of
the rock surface in the mined-out areas of the mine is not zero; rather, it varies up to the
econonic cutoff grade for mining. The total area of exposed mine surfaces is many times
that of a working face from which ore is being exiracted, especially for a mine that has
been in operation for several years. Therefore, radon-222 emission rates tend to increase
with the age of the mine because more surface area has becore exposed by subsequent
mining.” (page 3-3)

The 1985 Guidance uses comelations between radon-222 emissions and cumulative ore production
observed from the 1978-1979 data to predict future radon-222 emissions for individual mines. “By
multiplying the emission rate factor of 4.4 x 10” Ci/ton-y by the forecasted ore production rates for each
mine and adding the resulting value to the current emission rate of the mine, future annual radon-222
emmissions can be predicted for each individual mine.” (page 3-8).

The Company used this approach to estimate potential radon-222 emissions from the Canyon Mine, based
on the inputs set out in the spreadsheet included as Attachment C to this letter. This resulted in estimated
annual radon-222 emissions from the mine of 1,928 Cifyr.

In using this approach, the Company made the following conservative assumptions:
a) Maximum Radon Emissions Assumed Over Entire Mine Life

The entire ore body of the Canyon Mine was assurmed to have been mined out at the outset of mining,.
This is conservative, because at the start of mining there is no cumulative ore production and there are no
radon emissions. As the ore is mined out, the amount of cumulative ore production increases, which
creates radon-generating underground surfaces. The number of radon-generating surfaces increases until
they reach a maximum at the end of mining, after all ore has been mined out. To be conservative, the
maximum amount of mining was assumed to have occurred and the maximum amount of rined out
surface area was assumed to exist at the outset of mine operations. In other words, the maximum amount
of radon generation was assumed to have occurred on the first day of mining and to have continued
throughout the life of the mine. This means that the 1,928 Ci/yr emission rate for the mine was derived
by assuring an emission rate of zero at the outset of mining, and by multiplying the entire expected
wmuia‘ﬂvg mine production over the life of the mine of 83,000 tons by the radon emission factor of 4.4 x
107 Cifton, resulting in an emission rate of 365 Ci/yr, and then adjusting for the ore grade, as discussed in
(b} below to result in an estimated emissions rate of 1,928 Cijyr.

b} Radon Emission Factor Adjusted for Mine Ore Grade

Although not required by the 1985 Guidance, the estimated radon-222 ernissions from the Canyon Mine
were increased to take into account the actual average ore grade of the Canyon Ming, as requested in
EPA’s September 22, 2010 letier relating to e&:t:maimg radon-222 emissions from the Companv s Arizona
1 Mine., The emission rate factor of 4.4 x 107 Cifton-y was basea, on the study of radon-222 emassions
from 15 of the 27 mines studied in 1978 and 1979, The average orc grade from 1966 thr ough 1978 in the
United States was calculated to be 0.18556% U,0; (see the spreadsheet included as Attachment 3, which
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was assumed to be representative of the 15 mines studied’. In contrast, the estimated average ore grade
for the Mine 1s 0.98% U0, The predicted rados-222 emission rate from the Canyon Mine of 365 Cifyr
based on application of the 1985 Guidance was therefore increased by a factor of 0.98/0.18556 (or 5.28)
to 1,928 Cifyr.

5.3.4 Comparison to Other Benchmarks and Estimated Radon-222 Emissions from
the Canyon Mine

As can be seen from the discussions in Sections 5.3.2 and 5.3.3 above, using the similar Arizona 1 Mine
and Pinenut Mine as benchmarks, and adjusting for differences in average ore grade, the estimated
maximum radon-222 emission rate from the Canyon Mine would be approsimately 1,234 (o 1,455 Cifyr.
These estimated maximum emission rates are only 64% to 75% of the estimated maximum emission rate
from application of the 1985 Guidance to the Canyon Mine, adjusted for differences in ore grade, of 1,928
Cifyr.

To be conservative, the Company has used the higher estimated emission rate of 1,928 Cifyr from
application of the 1985 Guidance adjusted for ore grades, in performing its COMPLY-R modeling for this
application.  Using this higher estimated maximum emission rate is expected to result in an over
estimation of radon-222 emissions and estimated doses to nearby receptors by approximately 1.33 to 1.56
timmes, compared to the estimates derived from actual measurements at the Arizona | Mine and Pinenut
Mine.

It is also interesting 1o note that the estimated radon-222 emissions from the Arizona 1 Mine based on the
application of the 1985 Guidance to that mine, as set out in the April 2, 2013 application relating to the
Arizona 1 Mine was 1,770 Cifyr, which overestimated the actual highest annual emissions from the mine
of 910 C/yr by approximately 1.95 times. Simdlarly, the estimated radon-222 emissions from the Pinenut
Mine based on the application of the 1985 Guidance to that mine, as set out in the November 24, 2010
application relating to the Pinenut Mine was 1,659 Cifyr, which overestimated the actual highest annual
emissions from that mine measured through the end of 2014 of 894 Cifyr by approximately 1.86 times.
These data are consistent with the conclusions set out sbove, and suggest that the estimated radon-222
emissions from the Canyon Mine of 1,928 Cifyr, based on application of the 1985 Guidance, will likely
overestimate the actual emissions from the Canyon Mine, and the corresponding modeled doses to nearby
receptors, by a factor of 1.86 10 1.95 tmes.

As a second comparison, Table 3-2 of the 1985 Guidance shows mine size categories and percentages of
the uranium industry’s radon-222 enmssions. Based on that table, mines such as the Canyon Mine, with
cumulative ore production of 10,000 to 100,000 tons have average emissions per mine of 140 Cifyr.
Making a simular adjustmnent for ore grade as used above for the Canyon Mine (5.28 times the historic
data}, this would predict an emission rate for the Canyon Mine of 743 Cifyr. The estimated radon-222
emission rate for the Mine of 1,928 Cifyr using the 1985 Guidance exceeds that historic industry average
by approximately 2.6 times.

Based on the foregoing benchmark analyses, 1t is evident that the estimated maxinoum radon cmission rate
from the Canyon Mine of 1,928 Ci/fyr, based on application of the 1985 Guidance, is conservative and
will likely overstate actual emissions by a factor of 1.33 to 2.6 times.

? The average grade of ore in the 15 mines used to determine the 4.4 x 107 Cifton-y factor was slightly higher at
0.18607% UsCy. For purposes of estimating radon-222 emissions from the Canyon Mine, however, we
conservatively used ihe lower average grade for the industry of 0.185356% UsOy.

7
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54 Monitoring Program for Measuring Emissions

As mentioned above, the Company is voluntarily filing this application even though the identified
resource (that also was verified independently by the USFS) at the Canyon Mine contains less than
160,000 tons of uranium ore. The provisions of 40 CFR Part 61 Subpart B are not applicable to active
underground uranium mines that will not exceed total ore production of 100,000 tons of ore during the
life of the mine. However, as stated above, Energy Fuels has found in the past that the quantity of ore
may increase during mine development and mining, and that there is a possibility that the mine could
ultimately produce in excess of 100,000 tons of ore. To be conservative, in order to avoid the possible
need to submit an application for approval under 40 CHFR 61.07 at a later date, the Company is voluntarily
submitting this application at this time. I the total ore mined from the mine does not exceed 100,000 tons
over the life of the mine, then 40 CFR Part 61 Subpart B, and the standards set out therein, would not
apply to the mine,

In order to allow for the possibility that the total tons mined from the Canyon Mine could exceed 100,000
tons over the life of the mine, and that the provisions of 40 CFR Part 61 Subpart B could apply 0 the
mine in the future, the Company will perform the monitoring required by 40 CFR Part 61 Subpart B, so
that the data will be available to determine compliance with the standards set out therein, should they
apply in the future, and will report those data to EPA annually (see Section 11 below). If an annual report
indicates an exceedance of the standard set out 1n 40 CFR 61.22, and EPA determines that the standard is
applicable to the mine, EPA will have all the information necessary in order to make an enforcement
decision at that time,

5.4.1 Monitoring During Shaft Sinking

As mentioned above, track-etch canisters will be employed as the shaft is being sunk, to confirm that no
radon of any significance is being emanated from the mine during shaft-sinking operations. New track-
etch radon detectors will be installed at the top of the shaft and at the inlet of the temporary fan and
ventilation tubing used during shaft sinking operations, atl or near the end of each month, and spent radon
detectors will be sent to a qualified off-site laboratory to be read.

Track-eich monitors were employed at the top of the shaft and at the inlet of the temporary fan and
ventilation tubing used during shaft sinking operations conducted in 2013, A table sununarizing the
results of such monitoring is set out in Attachment D, which indicates a range of measurements of 0.3
pCifl to 3.7 pCV/1, with an average of 1.84 pCi/l. These measurements indicate virtually no radon, and can
be compared to the average measured 2014 radon ermissions from the Arizona | Mine and Pinenut Mine
of 1340.5 pCi/l and 1,230.21 pCifl, respectively.® Tt can therefore be concluded that no radon emissions
of any significance were detected from shaft sinking operations in 2013, The Company does not
anlicipate encountering any radon of any significance until the shafl is sunk to 1,406 feet below surface
and the Company starts development of the deposit,

5.4.2 Monitoring During Ore Production

Radon-222 emissions will continue to be monitored once the permanent ventilation system at the mine is
activated and development of the deposit commences. Currently, this is scheduled to occur in late 2016,

" The very small measured amount of radon from shaft sinking is likely due to the disturbance of the natural rock
formations and is very low, even compared to the EPA standard for residential houses, which comes from natural
background, of 4 pCi/l.
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Under 40 CEFR 61.23, compliance with the radon emission standard is determined and the effective dose
equivalent calculated using the EPA computer code COMPLY-R. The uraniom mine owner or operator is
required to calculate the source terms to be used for input into COMPLY-R by conducting testing in
accordance with the procedures described in 40 CFR Part 61, Appendix B, Method 115 (Method [15).
These procedures inclade:

Section 1.1.2 of Method 115 reqguires that periodic {1 week) measurements may be taken at mines that
conlinuously operate their ventilation systems except for extended shutdowns and that mines which
start up and shut down their ventilation systems frequently must use the continuous measurement
method described in Section 1.1.1 of Method 115, Section 1.1.1 provides that the radon
concenirations shall be continnously monitored at each mine vent whenever the mine ventilation
system is operational.

Section 1.2.3 of Method 115 provides that Test Method A-6 or Test Method A-7 are to be used for the
analysis of radon, and that use of Test Method A-7 requires prior approval of the BPA, based on
conditions described in 40 CFR Part 61, Appendix B.

As the ventilation system will not be operated continnously at the Canyon Mine (it will be operated only
when mining is taking place), Energy Fuels will test radon-222 emissions continuously per Section 1.1.1
{Continuous Measurement) and 1.2 (Test Methods and Procedures) of Method 115, In accordance with
Section 1.1.1, monthly radon-222 emission rates will be calculated and recorded using monthly radon-222
concentration data and monthly ventilation rale measurements,

Energy Foels proposes to use Test Method A-7 to measure radon concentration in the ventilation exhanst
streams it approved by the EPA. Otherwise, Test Method A-6 will be employed. Comparison testing
between Method A-6 and A-7 was performed at three of the Company’s mine operations inchuding the
nearby Pinenut Mine. The test results, which are documented in the “Data Sumnary Report of Method A-
6 versus Method A-7, Rodon Monitoring Side-by-Side Test Study” (Energy Fuels 2014), indicate that the
track etch results (l.e., Test Method A-7) are typically higher than the corresponding scintiliation resulis
(Test Method A-6) and conservatively overestimate radon emissions. This report was submitted to the
EPA in May 2014 for review and consideration in support of the Company’s request to use Test Method
A-7 for all of its vraniom mines, inclading the Canyon Mine. The Company has not yet received a
response to this request from EPA Headquarters.

Regardless of the method used, the detection device will be placed in the mine’s ventilation exhaust air
streams, This means that detection devices will be located at each of the two vent outlets set up ina Y-
configuration where the vent shaft meets the surface, as well as at the top of the production shaft, to
ensure that all potential radon emission streams are captured, regardless of whether the fans are set to
exhaust, intake or are turned off. In the case of Test Method A-6, average radon concentrations will be
determined on a monthly basis, In the case of Test Method A7, a new radon detector will be installed in
each ventilation exhaust air stream at or near the end of each month, and spent radon detectors will be
sent to a qualified off-site laboratory o be read.

Method 115, Section 1.2 specifies the test methods to measure velocity traverses {40 CFR 60 Appendix
A, Method 1) and velocity and volumetric flow rates (40 CFR 60 Appendix A, Method 2). Energy Fuels
will take velocity measurements that are appropriate for the type of exhaust opening (see Section 5.7
below).

ED_013686_00000010-00013



5.5 Quality Assurance/Quality Control Program

Energy Fuels conducts guality assurance/quality control (QA/QC) for the radon emission monitoning
program in general conformance with the requirements of Method 114, The QA/QC Program consists of
the following procedures.

5.5.1 Quality Assurance

The primary QA objectives are to verify that the emission measurements are representative, and are of
known precision and accuracy and that prompt review and corrective action {where appropriate) ocours
when emission measurements indicate unexpectedly large or small emissions. Under this program,
samples and measurements will be collected in accordance with the provisions of Method 114 and
Method 115, as described above. In the case of Test Method A-6, radon measurements will be taken from
the monttoring device, which will be calibrated periodically in accordance with regulatory requirements
and the manufacturer’s recommendations. In the case of Test Method A-7, radon-222 monitoring
samples will be analyzed by an accredited independent laboratory in accordance with standard analytical
procedures.

Monttoring and analytical results will be reviewed by Energy Fuels” Quality Assurance Manager or other
qualified personnel to verify that the precision, accuracy and completeness of the results meet the
following criteria:

a). Precision

Precision is a measure of the agreement among individual measurements of the same parameters under
stmilar conditions, Precision is confirmed by the calculation of the relative percent difference ("RPD™)
between a sample and a duplicate sample. Epergy Fuels evaluates any RPD greater than + 20%.
Duplicate measurements are taken when measuring air velocity, and duplicate track etch detectors (i.c.,
Method A-7) are periodically employed at key exhaust locations,

bj.  Accuracy

Accuracy 15 the degree of agreement of a weaswrement with a true or known value,  Accuracy of
laboratory analyses 1s measured using analytical spikes and analytical standards; however, this is not
applicable to Methods A-6 or A-7. Energy Fuels has been comparing the Method A-6 and A-7 results at
several other mines with adjustiments made for site-specific factors to determine the relative accuracy of
the two methods.

¢} Completeness

Completeness 1s a measure of the amount of valid data obtained compared to the amount expected under
normal conditions. Energy Fuels reviews the monitoring and measurement resulis each period fo

determine completeness. The Company’s goal is to achieve 100 percent completeness and, in no case,
less than 80 percent completeness for each emission point during a calendar year.

5.5.2 Quality Control

The QC objective is to evaluate and track the quality of the emissions measurement data against preset
criteria. Radon track etch devices will be calibrated to known radon-222 concentrations on a routine basis
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at the laboratory facility to ensure the accuracy of the measurcments. The anemometer used for
measuring ventilation flow rates will be calibrated on an annual basis. Test Method A-6 monitoring
cguipment will be cahibrated periodically as required by the applicable regulations and manufacturers
recommendations.

A sample tracking system has been established to provide for posttive identification of samples and data
through all phases of the sample collection, analysis and reporting system. In addition, sample handling
and preservation procedures have been established to maintain the integrity of samples during collection
storage and analysis.

Any apomalous resulis or emission measurements that indicate unexpectedly large or small emissions will
be wentified during the foregoing QA evaluations and promptly brought to the attention of Energy Fuels’
management for appropriate action.

5.6 Stack Heighis and Diameters

The surface vent configuration is expected to be similar in size and dimensions to the ventilation outlets at
the Arizona 1 Mine. Accordingly, the ventilation shaft is assumed to be 3.05 meters {10 feet) in diameter,
Each of the vent outlets 15 assumed to have an exit diameter of 1.68 meters (3.5 feet), and the center of
cach outlet is assumed to be located 2.37 meters above the ground sarface (see Figure 7).

5.7 Exit Velocities and Temperalures

Method 115 stipulates that the exhaust flow rate Trom each mine vent must be measured at least four
times per year. Energy Fuels will comply with this requirerent. Method 115, Section 1.2 specifies test
methods to be used to measure velocity traverses (40 CFR 60 Appendis A, Method 1) and velocity and
volumetric flow rates (40 CFR 60 Appendix A, Method 2). Method 1 will be used to measure air exhaust
velocities at the Canyon Mine. The measurements will be taken between the fan and the vent outlet. The
volumetric flow rate will be calculated by multiplying the average velocity by the ¢ross sectional area of
the duct at the measuring point. The design flow rate for the mine is 200,000 cubic feet per minute {cfm)
or 94.38 cubic meters per second (na'/s). The design flow rate was used in the COMPLY-R dose estimato
presented in Attachment E.

Exhanst temperatures at the Company’s Arizona mines typically range from 51 to 63 degrees Farenheit,
depending on the time of year. FEnergy Fuoels uses the default valoe of 35 degrees when using the
COMPLY-R code, as the model is not especially sensitive to small differences in temperature.

5.8 Other iInformation Used 1o Determine Dose to the Maximum Receptor

58.1 Use of Windrose Data from the Tusayan Airport Meteorological Station at
the Grand Canyon National Park

In determining the most appropriale meteorological data to use in the COMPLY-R model, nine
meteorological stations were identified within an approximately 30-mule radius of the Canyon Mine site,
all of which were evaluated to determine if they provide meteorological data that is suitable for
COMPLY-R modelling at the site. Attachment A presents a memorandum prepared by Arcadis U.S,, Inc,
{Arcadis 2013) that evalunates these meteorclogical stations,

Based on Arcadis’ recommmendation, Energy Fuels used the data collecied at the Tusayan Airport Station

at the Grand Canyon National Park (the “Grand Canyon Station”), which is located close to the site

i1
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(approximately 5.6 miles) and meets all of the EPA criteria applicable for COMPLY-R modelling. None
of the other eight meteorological stations satisty all of the EPA criteria, and, as a result, none of the other
stations were considered suitable for COMPLY-R modelling at the site.

The location of the Canyon Mine in relation to the Grand Canyon Station is shown on Figure 4.
5.8.2 Determination of Receptors

Since actual wind rose data were used for the attached modeling, the COMPLY-R model requires that the
nearest potential receptors be identified in each of the sixicen sectors of the compass relative to the
Canyon Mine ventilation emission point. The potential receptors used in the attached COMPLY-R
modeling are shown on Figure 5.

These potential receptors were determined based on a careful review of satellite imagery, in conjunction
with Energy Fuels” knowledge of the surrounding areas. In identifying potential receptors, the evaluation
erred on the side of inclusiveness. That is, unless the Company had knowledge to the contrary, receptors
that appeared as possible receptors were included based on a review of the satellite imagery, without
verifying in each case the actual status of the possible receptor. In fact, Energy Fuels recently confirmed
that Receptor 11 on Figure 5 currently consists of an uninhabited house and deserted airplane hangar on
USES managed land, and is therefore not currently a receptor. However, personnel at the USFS have
mdicated that the house could still be permitted by the owner for future occupied use (althongh not likely
during the life of the mine). Accordingly, Receptor 11 was conservatively included in the dose analysis
presented In Section 7.0, and constitutes the most highly impacted potential receptor. However, when
performing COMPLY-R modeling to be included in the annual reports to be submitted to EPA (sce
Section 11 below), Energy Fuels will verify whether Receptor 11 and other possible receptors are
occupied {full or part time) or unoccupied structures, and will take the occupancy into account when
determining modeled doses to such potential receptors.

6.0 PROCESS CHARACTERIZATION

The Canyon Mine is designed as an underground uranium mine. The deposit is contained in a breccia
pipe, which is a nearly cylindrical column of rock. The pipe is comprised of material that has, over
millions of years, broken and collapsed into a chamber that grew upward from deeper rock layers that
have extensive natural caves. This fragmented rock (f.e. “breccia”™) within pipes is a mixture of overlying
rock formations that collapsed downward over geologic time. The breccia rock in the pipes is now hard
and cemented as a result of geologic processes. Breccia pipes provide favorable environments for the
accumulation of uranivm mineralization.

Due to the nature of the ore deposit, the area of surface operations at the mine s small and encompasses
approximately 17 acres as shown on Figure 2. Access to the deposit will be by a conventional, three
compartment, vertical shaft located approximately 150 feet to the northeast of the deposit. The shaft will
be excavated to a depth of approximately 1,400 feet as shown on Figure 6. Horizontal workings will be
driven from the shaft to a point just outside the farthest extent of the ore reserve. From this point, a
vertical ventilation shaft will be up-reamed to the surface. The ventilation shaft will be used to exhaust
air, thereby creating adequate airflow throughout the mine workings and providing a second exit or
escapeway from the mine in the event of an emergency, as is required by federal Mine Safety and Health
Administration (MSHA) regulations,

Raise or incline workings within the mine will connect the various levels within or very near the deposit.
At various elevations from these levels, sublevel workings will be driven o extract ore from the deposit.

ED_013686_00000010-00016



Broken ore will be dropped down raises to drawpoinis on the lowest level. The ore will then be hauled to
the production shaft, at which point it will be transferred to skips and hoisted to the surface.

No ore processing will be conducted on site. The ore will be shipped to the White Mesa Mill, near
Blanding Utah. If the ore cannot be shipped immediately to the mill, it will be placed in nearby stockpiles
within the ore stockpile pad area at the site until it can be shipped. Development rock from the mine
operations will be placed in the development rock area and in mined-out areas of the underground
workings.

The mine ore production for the life of the facility is expected to be 82,800 tons. Production will vary by
month depending on the amount of development that is needed to access the ore. On average, the mine is
expected to produce about 200 tons of ore per day once the production shaft, ventilation shaft, and
working levels are in place.

As discussed previously, the mine will be ventilated by drawing air in through the production shaft and
exhausting the air through the ventilation shaft, although these flows could be reversed in certain
circumstances. As shown in Figure 7, fans will be located at each of the two vent outlets setup in a Y-
configuration where the vent shaft meets the surface, as well as at the top of the production shaft, to
ensure that all potential rudon emission streams are captured, regardless of whether the fans arc set to
exhaust, intake or are turned off. The fans in the vent outlets can be operated together or separately.
When the fans are not operating, the air doors on the production shaft will typically be closed for safety
reasons.

7.0 ESTIMATED DOSE

Included as Attachment E to this application is a COMPLY-R run for the Canyon Mine, which
incorporates the mine-specific estimate of future radon-222 emissions of 1,928 Cifyr, based on the
emission factor in the 1985 Guidance (see Section 5.3 above) and the input parameters listed in
Attachment C. The COMPLY-R run identified Receptor 11 (i.e., the abandoned residence and hangar) as
receiving the highest potential annual dose of 0.6 mrew/yr. As mentioned above, Receptor 11 is not
occupied, so, while a potential receptor, it 15 not an actual receptor. A second COMPLY-R run was
completed without Receptor 11, which showed that the highest potential dose to actual receptors at this
time was 0.3 mrem/yr to Receptor 6. This indicates that the current model which includes potential
Receptor 11 is conservative.

The attached COMPLY-R results, which are based on the conservative assurmnptions discussed in Section
5.3, show an estimated potential dose to the maximum potential receptor of 0.6 mrenvyr. This potential
dose is well below the 10 mrem/yr standard set out in 40 CFR 61.22. By comparison, the average annual
background radiation from radon and #ts decay products to adults lving in the United States is 212
mrem/yr (NCRPM 2009). These modeled results therefore represent an insignificant incremental dose to
the maximum possible receptor.

It is also interesting to note that the estimated potential dose from the Arizona 1 Mine based on the
application of the 1985 Guidance to that mine, as set out in the April 2, 2013 application relating to the
Arizona 1 Mine was also 0.6 mreny/yr, which overestimated the actual annual estimated doses from the
mine of 0.1, 0.2 and 0.2 myem/yr for 2012, 2013 and 2014, respectively, as reported in the Anpual
NESHAPS Reports for that mine as filed under 40 CFR 61.24. Similarly, the estimated potential dose
from the Pinennt Mine based on the application of the 1983 Guidance to that mine, as set out in a
February 9, 2011 response to EPA relating 1o the Pinenut Mine, was 1.0 mremv/yr, which overestimated
the actaal annual estimated doses from that mine of 0.02 and 0.60 mrem/yr for 2013 and 2014,
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respectively, as reported in the Annual NESAPS Reports for that mine as filed under 40 CFR 61.24.
These data suggest that the estimated potential annual doses to the maximum exposed receptor will likely
overestimate the potential doses based on actual measured emissions by a factor of 1.67 to 3 fimes.

Compliance with the standard in 40 CFR 61.22 is mandated by 40 CFR 61.23 to be demonstrated by the
use of the COMPLY-R model or another program approved by EPA. COMPLY-R does not contemplate
any emission sources other than mine vents. Therefore, the annual effective dose equivalent to the
maximurn potential receptor from the Canyon Mine vent, as determined by the COMPLY-R modeling, is
considered 1o represent the potential dose from the entire facility. The 1985 Guidance {page 3-5) noted
that mine ventilation radon emissions greatly exceed the radon-222 emissions from all other sources, such
as waste rock and ore stockpiles on the surface. Such other sources were determined to constitute only
between two and three percent of a mine’s total radon emissions.

8.0 ABNORMAL CIRCUMSTANCE ANALYSIS

In the COMPLY-R modeling that was performed for the mine under normal circumstances, included as
Attachment D, the annual effective dose equivalent to the maximum potential receptor was estimated
based on the radon emission factor described in the 1985 Guidance. As discussed in Section 5.3 above,
the estimated radon emission rate of 1,928 Cifyr under normal circumstances is considered to be
conservative.,

As was demonstrated in the previous construction application for the Pinenut Mine under 40 CFR 61.07,
there is a linear relationship between the potential doses to the receptors estimated by COMPLY-R and
the annual estimated radon releases that are used as inputs in the modeling. In other words, the modeled
potential dose to the maximum receptor will change by the same percentage as the percentage change in
the radon emission rate assumed for the modeling. This linearity allows for the performance of a quick
sensitivity analysis on the potential doses that could occur under abnormal circumstances,

If a doubling of the ore grade or a doubling of the cumulative tons of ore produced over the life of the
Canyon Mine were to occur, the estimated radon-222 ermissions would also double from 1,928 Cifyr o
3,856 Ci/yr. Again, given the lincarity of the model, the estimated potential dose to the maximum
potential receptor (Le., the currently unoccupied house and abandoned hangar south of the mine) would
double from 0.6 to 1.2 mrem/yr, and for the most highly impacted actual receptor at this time from 0.3 to
0.6 mrem/yr, which in each case would still be well below the 10 mrem/yr standard in 40 CFR 61.22.

9.0 CONTROL EQUIPMENT

It will be necessary to vent radon-222 out of the Canyon Mine in order to minimize doses to workers, in
accordance with applicable MSHA requirements. As a result, there is no control equipment on the mine
vent outlets, other than the fixed diameter of the vent outlets and control over the fans., These controls,
however, do allow for accurate calculation of air flow rates and for monitoring radon-222 concentrations
i the exhausted air, which allows for the calculation of the total curies emitted from the mine. The curies
emitted are then used as inputs into the COMPLY-R model, to demonstrate compliance with the
requirements of 40 CFR 61.22,

In order to minimize the generation of radon-222 within the mine, mine bulkheads will be installed to
isolate abandoned and temporarily inactive areas, where appropriate. Due to the nature of the ore body,
however, there is usually an easily defined demarcation between ore and barren rock, such that little ore
will typically be left in mined-out surfaces. This will result in less need for bulk-heading mined-out areas
in this type of mine compared to other types of uranium mines.
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10.0 INFORMATION REQUIRED UNDER SECTION 61.07({C)

40 CFR 61.07(c) provides that cach application for approval of modification shall include, in addition to
the information required in paragraph (b} of that section:

1. "The precise pature of the proposed changes;

2. The productive capacity of the source before and after the changes are completed; and

3. Calculations of estimates of emissions before and afier the changes are completed, in sufficient
detail to permit assessment of the validity of the calculation.

All of this mformation 15 provided in the Sections above. The following additional information is
provided here.

With respect to the information required under subsection 1, Energy Puels will re-commence sinking the
mine shaft, will drift over to the ore body, and will up-ream the planned vent shaft, in addition 1o
conducting normal underground development work in the process of mining the ore.  All of this will be
conducted in a manner contemplated by the existing Plan of Operations and other approvals. Fnergy
Fuels has not proposed or made any changes requiring the installation of new structures or facilities of
any significance, and has not proposed any changes in productive capacity.

With regard to the information required under subsection 2, the productive capacity of the Mine after the
“changes” will be the same as it was before the “changes”. However, as there are currently no radon
emissions at the mune, and the change will involve bringing the mine into production, the change will
ultimately give rise to the full radon emissions estimated in Section 5.3 of this application.

Finally, with regard to the information required under subsection 3, because there have been no radon
emissions of any significance 1o date, the changes in emissions will be those estimated in Section 5.3 of
this application.

11.0 ANNUAL REPORTING

Under 40 CFR 61.24, an operating mine that i1s subject to 40 CPR Part 61 Subpart B is required to file
with EPA an annual report prior to March 31 of cach vear, reporting the emissions and modeled doses to
nearby receptors for the previous calendar yvear, among other things.

The provisions of 40 CEFR Part 61 Subpart B are not applicable to active underground uraniom mines that
will not exceed total ore production of 100,000 tons of ore during the life of the mine. However, in order
to allow for the possibility that the total tons mined from the Canyon Mine could exceed 100,000 tons
over the hife of the mine if additional ore is found, and that the provisions of 40 CFR Part 61 Subpart B
could possibly apply to the mine in the future, the Company will perform the monitoring required by 40
CER Part 61 Subpart B, so that the data will be available to determine compliance with the standards set
out therein, should they apply. The Company will also voluntarily submit to EPA annual reports that
comply with the requirements of 40 CFR 61.24 on or before March 31 of each vear, reporting radon
emisstons and modeled doses 1o nearby receptors for the previous calendar year. Based on the current
mine development schedule, the first report will be filed by March 31, 2017 and will report the
monitoring and modeled doses for 20186,
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12.0 CONCLUSIONS

As provided in 40 CFR 61.08(b), if the Administrator determines that a stationary source for which an
application under 40 CFR 61.07 was submitted will not cause emissions in viclation of a standard if
properly operated, the Administrator will approve the constraction or modification. As demonstrated
above, based on conservative assumptions, the COMPLY-R modeling demonstrates that the annual
effective dose equivalent to the nearest potential receptor from the Canyon Mine will be well below the
standard. Emissions of radon-222 to the ambient air from the mine will not exceed those amounts that
would cause any member of the public to receive in any year an effective dose equivalent of 10 mrem/yr,
in accordance with the applicable standard set owt in 40 CFR 61.22. Therefore, we request that the
Administrator approve this application.
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Figures

Figure | - Location Map

Figure 2 — Site Map

Figure 3 — Location of Other Known Potential Emission Sources
Figure 4 — Meteorological Station Location

Figure 5 — Receptor Locations

Figure 6 — Canyon Mine Shaft and Stratigraphic Section

Figure 7 — Vent Configuration
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Attachment A — Canyon Mine Meteorological Evaluation
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' ARCADIS

Ms. Jaime Massey

Regulatory Compliance Specialist
Energy Fuels Resources (USA) Inc,
225 Union Bivd. Suite 600
Lakewood, Colorado 80228

Subject:
Selection of Meteorological Station for Radon Dispersion Modeling at
Proposed Canyon Mine Vent

Dear Jaime:

Energy Fuels Resources (USA) Inc. (EFRI) has requested that Arcadis US Inc.
(Arcadis) evaluate meteorological stations in the region of EFRI's proposed mine
vent at the Canyon Mine in Arizona, to select meteorological data suitable for input
intoc COMPLY-R modeling of radon emissions from the proposed vent. This technical
memorandum provides the results of Arcadis’ evaluation.

Arcadis understands that the proposed mine vent has not yet been constructed. The
proposed vent will have location coordinates, provided by EFRI, as follows: State
plane NAD 83 Arizona Central Feet N 1,776,383 E 646,769’ Latitude Longitude N
35.883454°E -12.095926. The proposed vent, which has been designed to extend
2.4 meters above grade, will be located at an approximate elevation of 1980 meters
(6505 feet) above mean sea level (amsl), in a clearing surrounded by a forested
area.

Meteorological Stations Evaluated

A review of websites at the Western Regional Climate Center

(www wrec dri edu/coopman, www.raws. dri edufwraws/azf hirl) and the Federal
Aviation Administration (www .l goviair trafficiweather) identified nine
meteorclogical stations within an approximately 50-mile radius of the proposed
Canyon Mine vent location. All nine stations were located in rural areas of
comparable elevation (approximately 2000 meters (6,600 feet) amsl). The stations
fall within two geographical clusters: three are located less than 8 miles from the
proposed vent site, and the remaining six are located between 22 and 58 miles from
the site.

One of the nine stations is a temporary station, referred to herein as the USGS
Station, which is located just inside the fence line, at the Canyon Mine property. The

CrilsersylischieriDocumenis\Clients\EFRI 370101-002 Mining Relaled\Canyon Mot Memol\Canyon Met Revised Memo JAT 05.07. 15\Arcadis memo met staions
7:4.16.docx

ARCADIS U.S., Inc.
830 Plaza Drive
Highlands Ranch
Colorado 80129
wyrw.arcadis-us.com

Date:

July 1, 2015

Contact:

Jo Ann Tischler

Phone:

303-501-9226

Email:
joann. ischler@arcadis-
us.com

Our ref:

42213001.0000-00001
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Ms. Jaime Massey
July 2, 2015

USGS Station was installed by the United States Geological Survey (USGS) as a
temporary station in April 2013 and has been cperational since that time. However,
despite its proximity to the proposed vent site, it does not meet all of the US
Environmental Protection Agency (US EPA) criteria and factors for quality and
suitability of wind data, and is therefore not considered to be a suitable available on-
site meteorological station for purposes of COMPLY-R modeling. Nevertheless, wind
data from the USGS Station was compared to wind data from the station that was
considered to be the most suitable station for purposes of COMPLY-R modeling at
the Canyon Mine site, as a second check on the suitability of that station.

The nine stations considered, and descriptive information used to compare them, are
listed in Table 1. The screening criteria applied to each of the stations in Table 1 is
described below.

Basis for Screening Criteria

Multiple USEPA guidance documents state that, in circumstances such as at the
Canyon Mine, where a suitable meteorological station is not available at the location
to be monitored and modeled, the primary criteria for assessing suitability of off-site
stations is that data from the selected off-site station be representative of the weather
patterns, particularly wind speed and direction, at the site. Criteria for assessing
representativeness of data are set out in USEPA’'s COMPLY-R User’'s Guide as
discussed in Appendix D thereto, and in USEPA’s Meteorclogical Monitoring Guide.
This technical memorandum applies the screening criteria set out in those two
documents to determine the suitability of the various available meteorological
stations for COMPLY-R modsling at the Canyon Mine site.

The relevant screening criteria are summarized below:

USEPA User's Guide for the COMPLY-R Code, Revision 1. 1989

USEPA’s COMPLY-R Guide. Appendix D, states that the COMPLY-R user:

*...must find a location, fairly close, that duplicates the conditions at your location as
closely as possible. The factors that most affect wind speed and direction are as
follows: ..."

The elevation relative to the surrounding area
Presence of a valley

Presence of a large body of water
Topography (hilly terrain)

=

Page:
213

ED_013686_00000010-00031



Ms. Jaime Massey
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5. Urban versus rural’

Appendix D to USEPA’s COMPLY-R Guide also states that the measurements
should:

6. come from a meteorological tower located within 50 miles of the site, and

7. cover the same year as the assessment period for the model or from a long-
term average (at least 5 years) which does not have to include the
assessment period. As the assessment period will be in the future, having
five years of historic data is considered an important factor to ensure the
representativeness of the data for future modeling.

USERA Meteoralonical Monitaring Guide Tor Requlstory Modeling Anolications, 2000

USEPA’s Monitoring Guide, in Section 3, provides the following additional “factors to
consider” for modeling “simple terrain”, defined as settings such as the Canyon Mine
vent setting, in which the terrain is below the top of the vent stack height.

8. Section 3.2 states that for this type of setting, the “standard exposure height
of wind instruments over level, open terrain is 10 m above the ground.”
OCther meteorological tower heights and configurations are also described for
use in modeling vent stacks 200 m or above. These criteria are not
applicable to the Canyon vent which, when constructed, is anticipated to be
2.4 m above grade. Therefore, the 10m guideline was incorporated in the
screening table.

9. Chapter 3.2 states that for towers within dense, continuous forests where an
open exposure cannot be obtained, measurements should be taken at 10 m
above the top of the vegetative canopy. The screening table identifies the
presence of forestation, or clearing, around each tower considered.

10. Chapter 3.2 recommends that solid structures such as buildings, cooling
towers, and stacks, should not be used to support meteorological
instruments due to their influence on wind measurements. Data available
indicates that each of the stations considered was a stand-alone station not
mounted on a structure. Therefore it was not necessary to include this
criterion in the screening table.

11. Chapter 3.2 also identifies that for towers which monitor wind speed at more

than one elevation, the structure of the tower itself may influence the
measurements if the structures are solid fowers, not open lattices. To the

Page:
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Ms. Jaime Massey

July 2, 2015
extent that information was available regarding instruments placed at more
than one elevation, that information was included in the screening table.
12 Table 5-2 “‘Recommended Response Characteristics for Meteorological
Sensors” states that meteorological anemometers should have a response
sensitivity for wind speed sufficiently low to detect starting wind speeds of
<0.5 m/s.
The foregoing criteria in the US EPA COMPLY-R User’s Guide and the US EPA
Meteorological Monitoring Guide have been considered in the evaluation below. All
the identified stations were located in rural areas, and none is in or adjacent to a
valley that would create wind channeling, or adjacent {o a large body of water.
Therefore, factors 2, 3, and 5 above, were not differentiators, and it was unnecessary
to include them in the headings in Table 1. In addition, each of the stations
considered was a stand-alone station not mounted on a structure. Therefore factor
10 was not included in the screening table. Each of the other factors (1,4,6,7,8, 9,
11 and 12) is specifically addressed in the screening table.

Screening of Meteorological Stations
Comparison of the nine identified meteorological stations to the criteria in Table 1
indicates that only one meets all of the EPA criteria and factors. Eight of the stations
considered do not meet the recommended height criteria, that is, are not 10 m above
ground level. Many of these stations can also be eliminated based on other criteria
as follows:

s One station is in open un-forested terrain that differs from the vent site
vegetative conditions. The same station is also located on flatland that
differs from the vent site topography.

¢ Five are in forested areas but are not constructed at 10 m above the top of
the vegetative canopy.

+ One did not have, or could not be confirmed to have, a recent year of
continuous wind speed data for development of wind roses.

e One did not have a long term average (5 years) of data.

o Forseven stations, instrument specifications and/or data were not available
to confirm whether the stations have sufficient sensitivity to detect wind
speeds <0.5 meters/sec,

e  Seven are further away from the Canyon Mine site than the one station that
satisfies all of the criteria.

Page:
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Only one of the stations, the Tusayan Airport Station at the Grand Canyon National
Fark, referred to herein as the Grand Canyon Station, has been confirmed as
meeting all of the applicable criteria. It has instrumentation at 10 m above ground
level. The Grand Canyon Station is located on a flat clearing surrounded by hilly,
forested area, like the Canyon mine site. The Grand Canyon Station is also close to
the Canyon Mine site, being approximately 5.6 miles away, and with the exception of
the USGS Station, is the closest of all of the stations. The topography and relative
distances of the USGS on-site station and Grand Canyon station are depicted in
Figure 1.

While the USGS Station is at the site, it does not meet several of the applicable
criteria, most notably,

= itis a 3 meter station, not a 10 meter station,

= its anemometer sensitivity is insufficient to record wind speeds lower than 1
m/s (compared to EPA’s recommendation of less than 0.5 m/s), and

= it does not have five vears of data.

Further, the USGS station has minimal instrumentation and unknown instrument
maintenance and data quality standards. Photographs of the USGS on-site
meteorological tower and Grand Canyon meteorological tower, are provided in
Figure 3. For these reasons, the USGS Station is not considered to be suitable for
COMPLY-R modeling at the Canyon Mine site.

Comparison of Wind Data

Wind speed and direction data from the Grand Canyon Station has been compared
to data from the USGS Station to determine whether there are any significant
differences in the data. An overlay of wind roses from the two stations developed
from data for the period from April 2013 to April 2014 has been provided in Figure 2.
As indicated in the figure, the wind direction frequencies and wind speeds are very
similar, as is the percentage of calms (approximately 40% + 2%) for both stations.
The major difference is the somewhat higher wind speed at the Grand Canyon
Station compared to the USGS Station and all other stations, most likely due to the
fact that the Grand Canyon Station is the only station with the required 10m height.
This comparison shows that the Grand Canyon Station provides comparable wind
direction frequencies and percentage of calms, and more representative wind speeds
than the USGS Station.

Page:
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Recommendation and Selection

Based on the data presented in Figure 1, and the comparable settings described in
Table 1, wind data from the Grand Canyon Station can be considered to be
representative of wind conditions at the proposed vent site, and the best choice
among all available sites.

Additionally, the Grand Canyon meteorological station is preferable to the on-site
USGS station for future COMPLY-R modeling because the Grand Canyon Station:

e Meets all of the criteria and factors identified above,

s While not on site, is located near the proposed vent site (approximately 5.6
miles away), is in a clearing surrounded by forest and otherwise has similar
terrain as the Canyon Mine site,

s s the only station in the vicinity of the proposed vent site whose
instrumentation is positioned at the recommended 10 meter height (the two
other 10 meter stations are located over 40 miles way,

s |s the only station in the vicinity of the proposed vent site whose anemometer
has been confirmed to have a wind speed response < 0.5 meters/second,

s Has more dependable meteorological instrumentation and easier access to
data than the USGS station, and

» Has five continuous years of available data.

It is recommended that data from the Grand Canyon Station be used for the
COMPLY-R simulations.

Wind Rose data for the recommended Grand Canyon Station for the five year period
from 2009 to 2013, is provided in COMPLY-R format in Table 2 (data for 2014 is not
yet available for that site).

Ms. Jaime Massey
July 2, 2015
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Ms. Jaime Massey
July 2, 2015

if you have any questions or comments, please fesl free to contact me at (303) 471-
3434 or {303) 501-92286.

Sincerely,

ARCADIS US, Inc.

Jo Ann Tischler
Senior Program Manager

Copies:

David Frydeniund, EFR}
Thomas Carr, ARCADIS US, Inc.
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REFERENCES

US Federal Aviation Administration, accessed at www. faa.govialr rafficiweather

US Environmental Protection Agency, 1989. User’ Guide for the COMPLY-R Code
(Revision 1) EPA 520-89-029. October 1989

US EPA, 2000. Meteorological Monitoring Guide for Regulatory Modeling
Applications EPA-454/R-99-005. February 2000.

US Federal Aviation Administration, accessed at www gz aovialr trafficiwesther

Western Regional Climate Center, accessed at www wroe dri edul/coopman,

Western Regional Climate Center, accessed at www.raws.dri edufwrawsdazf himl,

TABLES

Table 1. EPA Criteria for Representativeness of Meteorological Station Data
Table 2: Windrose data in COMPLY-R format.

FIGURES

Figure 1. Topegraphy Surrounding Meteorological Stations Nearest to
Proposed Canyon Vent Site

Figure 2. Wind Roses for USGS On-Site and Grand Canyon Stations

Figure 3a: Photograph of Grand Canyon Airport Meteorological Tower

Figure 3b: Photograph of USGS On-Site Meteorological Tower
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TABLE 1:

EPA CRITERIA FOR REPRESENTATIVESNESS OF METEOROLOGICAL STATION DATA

triterion 1: Lriterion & : Lriterion 5: Criterion 11 : Criterion 12
Elevation Distance from Criterion & Tower Unotin aclearing, Umultiple level  Sensithvity of
Elevation relativeto Criterfond:  proposed vent - Criterion 7: Height < should be are instruments 10 measurements, . Responseto
Met, {meters surroundings  Topography  shouldbe<50  Winddataavailablefor5 > 10 meterssbove  misters above is tower open Windspeed <
Station # Metorological Statlon Name  Coordinates  amsll (hill, plateau} at) miles y 1) pradelevel(2) opy  lattice _05mfse
cim e e e
surrounded by
0 Proposed Vent Location 35.882,-112.086 1981 fores’c hifly %» . e b ... . - <
clearing
surrounded by Mo, Data only available
i USGS Canyon Mine Station 135,883, -112.096 1885.5 forest hifly 0 {on site} since April 2013, (0.8m, 1.5m, 3.0m NA Yas No
Tusayan Alrport at Grand clearing
Canyon National Park surrounded by
2 {"Grand Canyon Station"} 35.956,-112.140 2012 forest hilly 5.6 Yes 10m NA NA Yes
Specifications
No. 1 year {2013) windrose and/or data not
Tusayan Remote Automatic data available, hourly data available to
3 Weather Station (RAWS) 35,990, -112.120 2042 forest hitly 7.5 may be available 3 Mo NA confirm
Specifications
No. 1 year (2013} windrose and/or data not
data available, hourly data available to
4 Bright Angel RAWS 36.201,-112.061 2532 forest hilly 22.5 may be available 3m NA NA confirm
Specitications
No. 1 year {2013} windrose and/or data not
data available, hourly data available to
5 Hindbergh HIl RAWS 36,285, -112.079 2694 forest hilly 27.75 may be available 3m Mo NA confirm
Specitications
No. 1 year {2013} windrose and/or data not
data available, hourly data available to
6 1Dy Park RAWS 36.449,-112.239 2653 forest hilly 40 may be available 3m No NA confirm
Specifications
and/for data not
Data not available. Cannot available to
7 Williams Alrport 35.302,-112.193 2034 forest flat 40.5 be confirmed, 10m No NA confirm
Specifications
No. 1 year {2013} windrose and/or data not
open area, no data available, hourly data available to
8 Greenbase RAWS 35,274, -112.060 2115 forest flat 42 may be available 3m NA NA confirm
Specifications
clearing and/or data not
surrounded by available to
g Flagstaff Pulliam Field 35.142, -111.672 2136 forest hifly 56.5 Yes 10m NA NA confirm

Basis for the Criteria;

Criteria 1,2,3,4,5, 6, 7: from USEPA User's Guide for the Comply R Code {Revision 1} EPA 520/1-89-029 October 1989

Criteria 8, 9, 10, 11, 12: from USEPA Meteorological Monitoring Guide for Regulatory Modeling Applications EPA-454/R-95-005 February 2000
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Table 2:
Grand Canyon Meteorological Station
Wind Data from 2009-2013 in COMPLY-R Format

FREQUENCY SPEED

1.05E-02
1.12E-02
8.57E-02
6.62E-02
2.83E-02
7.87E-03
6.90E-03
8.87E-03
3.78E-02
9.61E-02
1.28E-01
6.80E-02
3.74E-02
1.50E-02
1.18E-02
8.21E-03

2.92E+00
3.04E+00
3.17E+00
3.34E+00
3.06E+00
2.86E+00
3.02E+00
3.22E+00
4.06E+00
5.60E+00
5.67E+00
4.69E+00
4.04E+00
3.61E+Q0
3.45E+00
3.17E+00
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July 2, 2015
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Figure 1:

Topography Surrounding Meteorological Stations Nearest to
Proposed Canyon Vent Site
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Ms. Jaime Massey

July 2, 2015
Figure 2:
Wind Rose Overlays for Grand Canyon and USGS On-Site Stations
Wind Direction Frequency (%)
Grand Canyon 13-14
USGS
Grand Canyon 13-14
usGSs

Note: Percentage of Calms = 37.82 %
USGS Calms =42.09 %
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Figure 3a:
Photograph of Grand Canyon National Park Meteorclogical Tower
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Figure 3b:
Photograph of USGS On-Site Meteorological Tower
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Attachment B — Photographs of the Closest Potential Receptor
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Attachment C - COMPLY-R Inputs for the Canyon Mine
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Comply-R Inputs for the Canyon Mine based on EPA

1985 Guidance

TONS OF ORE IN DEPOSIT ! 83,000
AVERAGE GRADE OF Deposit ' 0.98%
EPA 1985 EMISSION FACTOR (Ci/ton-yr) 4.4E-03,
ORE GRADE USED IN 1985 EPA GUIDANCE (%U308) 0.1856%
ESTIMATED ANNUAL CURIES RELEASED BASED ON
CUMULATIVE ORE PRODUCTION FOR LIFE OF MINE

PER 1985 EPA GUIDANCE (Ci/ Y1) 365.2
ESTIMATED ANNUAL CURIES RELEASED ADJUSTED

FOR ORE GRADE (Ci/Yr) 1,928.3
ESTIMATED VENTILATION RATE (cfm) 200,000
ESTIMATED VENTILATION RATE (m’/s) 94.38
VENT DIAMETER, NORTH AND SOUTH VENTS

(METERS) 1.68
HEIGHT ABOVE GROUND AT CENTER OF THE |
HORIZONTAL VENT, NORTH AND SOUTH VENTS

(METERS) 2.37

Notes:
1. N143-101 Report June 27, 2012

ED_013686_00000010-00048



Attachment D — Results of Track-Etch Monitoring During 2013 Shaft
Sinking at the Canyon Mine
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Canyon 2013

Canister Period Location Result {pCi/L) Notes
1/7/2013-2/28/2013 shaft 0.6 ND
3/5/2013-4/8/2013 vent 1.7
4/8/2013-5/7/2013 shaft 1.0 ND

vent 1.0 ND
5/7/2013-6/5/2013 shaft 1.0 ND
vent 1.0 ND
6/5/2013-7/8/2013 shaft 2.6
vent 2.0
7/8/2013-8/7/2013 shaft 3.7
vent 2.7
8/7/2013-9/12/2013 shaft 33
vent 3.2
9/12/2013-10/9/2013 shaft 2.4
vent 1.6
10/9/2013-11/11/2013 shaft 0.3
vent 1.3
2013 average 1.84
2013 range 0.3-3.7
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Attachment E — COMPLY-R Model Runs

1) COMPLY-R Model Including Receptor 11 (abandoned house and
hangar)

2) COMPLY-R Model Excluding Receptor 11 (abandoned house and
hangar)
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COMPLY-R Model Iincluding Receptor 11 (abandoned house and
hangar)
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CANYON Final
06/23/15 03:00

40 CFR Part 61
National Emission Standards
for Hazardous Air pollutants

REPORT ON COMPLIANCE WITH
THE CLEAN AIR ACT LIMITS FOR RADIONUCLIDE EMISSIONS

FROM THE COMPLY-R CODE, VERSION 1.2

Prepared by:

Energy Fuels Resources (USA) Inc.

Canyon Mine

225 uUnion Blvd., Suite 600, Lakewood, CO 80228

Jaime Massey
303-389-4167

Prepared for:

U.S. Environmental Protection Agency
Ooffice of Radiation Programs
washington, D.C. 20460

06/23/15 03:00

Release Rate
Stack (curies/YEAR)
1 1.928E+03

Page 1
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CANYON Final

Release Height 2.37 meters.

vertical momentum NOT present Tor vent

vent diameter

volumetric flow rate 1is

STACK DISTANCES,

WINDROSE DATA, FILE: canyon windrose

source of wind rose data: Grand Canyon Airport
2009-2013
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CANYON Final

NOTES:

i o, R

pefault air temperature used (55.0 degrees F).
Default vent temperature used (55.0 degrees F).
The receptor exposed to the highest concentration is Jocated
3360. meters to the S.
Input parameters outside the "normal” range:
windrose wind frequency is unusually LOW.
Distance from vent to receptor is unusually FAR.

06/23/15 03:00

RESULTS:

Effective dose equivalent: 0.6 (mrem/year).
Complies with emission standards.
#¥% This facility is in COMPLIANCE ##*

Tededhdedekhhdk END OF COMPLIANCE REPORT Sededededededede el
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COMPLY-R Model Excluding Receptor 11 (abandoned house and
hangar)
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Canyon Final without receptor 11
06/23/15 03:18

40 CFR pPart 61
National Emission Standards
for Hazardous Air Pollutants

REPORT ON COMPLIANCE WITH
THE CLEAN AIR ACT LIMITS FOR RADIONUCLIDE EMISSIONS

FROM THE COMPLY-R CODE, VERSION 1.2

Prepared by:

Energy Fuels Resources (USA) Inc.

Canyon Mine

225 Union Blvd., suite 600, Lakewood, C0O 80228

Jaime Massey
303-389-4167

Prepared for:
U.s. Environmental Protection Agency

Office of Radiation Programs
washington, D.C. 20460

06/23/15 03:18

Release Rate
stack (curies/YEAR)

1 1.928E+03

Page 1
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Release Height

Canyon Final without receptor 11

2.37 meters.

vertical momentum NOT present for vent 1

vent diameter

volumetric flow rate is

1.68 meters.
94.380 cu m/sec,

STACK DISTANCES, MODIFIED FILE: canyon receptors
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FILE: canyon windrose

Source of wind rose data: Grand Canyon Airport
Dates of coverage:
wind rose location:
Distance to facility:

Percent calm: 0.38
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Canyon Final without receptor 11

Default air temperature used (55.0 degrees F).

pDefault vent temperature used (55.0 degrees F).

The receptor exposed to the highest concentration is Tocated
20700. meters to the sW.

Input parameters outside the "normal” range:
windrose wind frequency is unusually LOW.

Distance from vent to receptor is unusually FAR,

06/23/15 03:18

RESULTS:

Effective dose equivalent: 0.3 (mrem/year).
Complies with emission standards.
##% This facility is in COMPLIANCE #%*

whkdeRdhkkh END OF COMPLTANCE REPORT %%dddhdthis
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